Pierwsze doniesienie na temat wyniku oceny trafności ciągłego wskaźnika zespołu metabolicznego jako wskaźnika obecności zespołu metabolicznego przeprowadzonej w ogólnokrajowej próbie reprezentatywnej populacji pediatrycznej -badanie CASPIAN-III 
Introduction
Metabolic Syndrome (MetS) is characterised by a cluster of risk factors that confers an increased risk for cardiovascular disease mortality and morbidity better than any of its individual components [1] . The prevalence of MetS is rising in the adult population worldwide [2] . A growing body of evidence has demonstrated that exposure to obesity in early life significantly contributes to the development of MetS during childhood and adolescence [3] . The lack of a universal definition of MetS in the paediatric age group may be the cause of controversial findings across epidemiologic studies and the low prevalence of MetS in some populations [4, 5] . Because of the low prevalence rate, the American Diabetes Association and the European Association for the Study of Diabetes have recommended using a continuous value of MetS (cMetS) risk score for association studies between MetS and potential risk factors in children and adolescents [6] .
Several studies have supported using a cMetS risk score instead of binary definition in epidemiologic studies [7, 8] . Such a definition is proposed to have the following advantages: a) cardiovascular and diabetes risk is a progressive function and increases progressively as the number of MetS components increases, it also eliminates the need to dichotomise these components; b) statistical power decreases with dichotomising continuous outcome variables; and c) compared to the dichotomous approach, cMetS risk score is more sensitive and less error-prone [9] [10] [11] . Previous methods used to derive the cMetS score include principal components [12] , Z scores [13] [14] [15] , and percentile rankings [16] . Few studies have examined the construct validity of cMetS value and its association with MetS in children and adolescents [17, 18] .
Middle East populations are suggested to bear the highest worldwide burden of diabetes up to 2020 [19] . Similar to most low-and middle-income countries, Iran is facing an epidemiological shift, most notably in terms of nutrition transition [20] . Thus, it is important to determine a valid score for the definition of paediatric MetS, and to identify at-risk individuals to help the primary prevention of underlying factors of MetS.
We aimed to determine the validity of cMetS, and to identify the age-and gender-specific optimal cut-off points of cMetS in a nationally representative sample of the paediatric population.
Material and methods

Participants and study design
The data used in this study was collected as part of the 'National Survey of School Student High Risk Behaviours' (2009) (2010) as the third survey of the school-based surveillance system entitled 'Childhood and Adolescence Surveillance and Prevention of Adult Noncommunicable Disease' (CASPIAN) study. We have previously described the methods of this study in detail [21] . The study was approved by the ethics committee and other relevant national regulatory organisations.
The present study was performed among 3,254 pupils aged 10-18 years who were selected via multistage random cluster sampling method from urban and rural areas of 27 provinces in Iran. Eligible schools for our study were stratified according to the information bank of the Ministry of Health and Medical Education and then they were selected randomly. In selected schools, the pupils were also selected randomly. Sampling and examinations were begun after complete explanation of the study's objectives and protocols for pupils and their parents, obtaining written informed consent from parents and oral assent from the pupils. A team of trained health care professionals recorded information in a checklist and carried out the examinations under the standard protocol using calibrated instruments.
Clinical and laboratory measurements
Height (Ht) and weight (Wt) were measured without shoes and with light clothing, and body mass index (BMI = weight [kg]⁄height [m 2 ]) was calculated. Waist circumference (WC) was measured midway between the lower border of the rib margin and the iliac crest at the end of normal expiration. WC and height were measured using a non-elastic tape. Two measurements of systolic blood pressure (SBP) and diastolic blood pressure (DBP) were performed using a standardised mercury sphygmomanometer on the right arm after a 15-minute rest in a sitting position; the first and fifth Korotkoff sounds were recorded as systolic and diastolic BP, respectively. The mean of the two measurements was considered as the subject's blood pressure. Mean arterial pressure (MAP) was calculated using the following formula: MAP = = [(SBP-DBP)/3] + DBP.
A blood sample was drawn between 7 am and 9 am from all the study participants after 12 to 14 hours of overnight fasting and delivered to the laboratory on the same day. Fasting blood glucose (FBG), total cholesterol (TC), high density lipoprotein-cholesterol (HDL-C) and triglycerides (TG) were measured enzymatically by auto-analysers. HDL-C was determined after dextran sulphate-magnesium chloride precipitation of non-HDL-C [22] . Considering that collecting high quality data was critical to the success of our multi-centre project, the Data and Safety Monitoring Board (DSMB) of the project was taken in account the different levels of quality assurance and control.
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Definition of terms
Metabolic Syndrome (MetS)
Since no universally accepted definition exists for MetS in children and adolescents, as in the first survey of the CASPIAN study [5] we used the definition provided by Cook et al. [23] . This definition is based on criteria analogous to those of the National Cholesterol Education Programme Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults Adult Treatment Panel III (ATP III) [24] . It defines MetS as having at least three of the following criteria: WC at or above the 90th percentile value for age and sex; SBP and DBP at or above the 90th percentile for age, sex and height; the midpoint value for HDL-C (≤ 40 mg/dL) was used as a 10th percentile value; the midpoint value for TG (≥ 110 mg/dL) was taken as the 90th percentile value for age. FBG levels of ≥ 100 mg/dL were considered to be high [25] .
Calculation of cMetS score
The cMetS score was derived by first standardising the residuals for WC, MAP, HDL-C, TG, and FBG by regressing them on age and sex to account for age-and gender-related differences [8] . Because the standardised HDL-C is inversely related to the MetS risk, it was multiplied by -1. The cMetS score was calculated as the sum of the standardised residuals (z scores) for the individual variables. These factors were the same variables used in adult clinical criteria for MetS [26] . MAP was used since including both SBP and DBP would load two BP variables in its calculation. A higher cMetS score indicates a less favourable metabolic profile.
Statistical analysis
Findings on continuous variables were expressed as means ± standard deviation (SD) and categorical data was expressed as a percentage. The Student two-tailed t test was applied to compare the mean differences of the variables between both gender and age.
To determine the optimal cut-off point of cMetS for predicting MetS, receiver operator characteristic (ROC) curve analysis was used with an estimation of the variable's sensitivity and specificity. The cut-off point for each variable was assessed by the minimum value of ‫‬ [27] which represents the maximum sum of sensitivity and specificity (MAXss) in each gender stratified by age.
The area under curve (AUC) relates to the overall ability of using the cMetS cut-off point to discriminate between those with and without MetS. In this analysis, AUC can be considered to be equal to the probability that a randomly drawn individual from a sample of subjects with MetS has a higher cMetS than a person randomly drawn from the non-MetS sample. AUC can be interpreted according to the following principles: test equal to chance (AUC = 0.5), less accurate (0.5 < AUC ≤ 0.7), moderately accurate (0.7 < AUC ≤ 0.9), highly accurate (0.9 < AUC ≤ 1.0), and perfect performance tests (AUC = 1.0) [28] .
SPSS software package (version 16; SPSS Inc., Chicago, IL, USA) was used for data analyses and a p value of < 0.05 was considered to indicate statistical significance.
Results
The participants in this multicentre study included 1,679 boys and 1,575 girls aged 10-18 years. The anthropometric and metabolic characteristics of the individuals who were eligible for this study are stratified by age and are shown in Table I . Girls had an average higher WC, SBP, DBP and FBG than boys; however, the mean values of BMI, TG and TC were higher in boys than in girls. Other than HDL and TC, in both genders, the BMI, WC, SBP, DBP, and TG was raised significantly by increasing the age. There was no significant difference in mean FBG between age groups.
Overall, 423 (8.1%) of our subjects were overweight and 477 (9.2%) were obese. In the age group 10-13.9 years, 9.5% (n = 94) and 11.2% (n = 110) of boys were overweight and obese, respectively. In the 14-18 years boy category, 155 (9.6%) and 166 (10.3%) of participants were overweight and obese, respectively. In girls, 61 (6.3%) and 80 (8.3%) in the age group 10-13.9 years were placed in overweight and obese groups, respectively. The percentages of overweight and obese subjects in the age group 14-18 years were 6.9% (n = 113) and 7.4% (n = 121), respectively. Table II shows the mean values of cMetS in participants according to the number of MetS components. In total, 43.9% of the participants did not have any MetS components, whereas 4.4% had MetS. A graded relationship was documented between cMetS and the number of risk factors. Increasing the mean values of cMetS with increasing the numbers of components was apparent for both genders and in both age groups.
Table III presents the cut-off points of cMetS to predict the presence of MetS with their corresponding specificity and sensitivity by gender. In boys, cMetS values that maximised the sensitivity and specificity for MetS ranged from 2.34 in 10-13.9 years to 2.97 in 14-18 years. The analogous values for girls ranged from 3.26 in 10-13.9 years to 2.47 in 14-18 years. The overall optimal cMetS cut-off point of MetS was 2.93 [sensitivity = 92%, specificity = 91%, area of the curve = 0.96 (0.95-0.97)] (Fig. 1) . As a whole, the values for boys and girls were 2.97 and PRACE ORYGINALNE p < 0.05 between age groups; BMI -body mass index; WC -waist circumference; SBP -systolic blood pressure; DBP -diastolic blood pressure; FBG -fasting blood glucose; TG v triglyceride; TC -total cholesterol; HDL-C -high density lipoprotein cholesterol 3.26, respectively. The overall performance of the ROC curves for the estimated cMetS cut-off points were quantified by computing sex-and age-specific AUCs. In all groups, cMetS performed well (0.9 < AUC ≤ 1.0; highly accurate) in classifying subjects to true MetS status (Fig. 2) .
Discussion
This study confirmed the utility and validity of the cMetS score in a nationally representative sample of Iranian children and adolescents. cMetS appears to be an appropriate index for investigating the association 
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between potential risk factors and MetS in paediatric epidemiological research in our country. MetS increases the risk of developing most chronic diseases, notably type 2 diabetes and cardiovascular diseases [29] . However, MetS is not limited to adults. There is a growing body of evidence about its presence from early childhood [30] . Changes in childhood lifestyle represent a significant concern in public health and paediatric medicine at both population and individual levels [31] . The prevalence of MetS in children and adolescents varies according to the definitions used for the components [32] . It must be emphasised that the lack of consensus in the definition may be responsible for varied findings across the epidemiologic studies [4] . Several studies have supported the use of continuous variables in a multivariate score system [11, 33] . cMetS is statistically more sensitive and less error-prone compared to the categorical approach. A study has demonstrated higher cMetS in Mexican-American children compared to white boys and girls [34] .
To the best of our knowledge, this study is the first investigation that uses a nationally representative sample to validate the cMetS score in children in the Middle East and North Africa (MENA) region. Our findings documented a graded relationship between cMetS and the number of MetS components, i.e. having at least three MetS components is associated with the highest cMetS value. A rising mean value of cMetS with increasing the number of MetS components was observed in each age stratified gender. Furthermore, the overall optimal cMetS cut-off point which confers the risk of MetS was 2.93. A recent study by Okosun et al. [17] indicated that cMetS was a valid construct of MetS in children with a cut-off value of 1.94. Likewise, Eisenmann et al. found that a cMetS of 3.72 considered as the optimal cut-off point confers an increased risk of MetS in a sample of 7-9 year-old children [18] . Since the MetS score is a sample specific, the mean MetS score derived in one survey cannot be compared to other studies unless variables and distribution of data are similar in the samples [33] .
Although in our study, the results of the ROC analysis indicated different cut-off points of cMetS according to age and gender, cMetS was found to perform better in identifying MetS in both genders. In a previous national study, we showed that the prevalence of MetS in women was significantly higher than in men [35] . We suggest that the higher cut-off value of cMetS in women in our study compared to Western countries could be because of the underlying ethnic predispositions that contribute to insulin resistance and adverse body fat pattern in non-European populations [36] . Our findings highlighted an overall greater WC in girls than in boys.
Considering the high prevalence of abdominal obesity in Iranian females [37] , the higher relative risk for incident MetS in this group could be justified. Furthermore, in all age groups we found a significant increase in mean TG values in boys. Consistent with several studies [17, 38] , our findings suggest that central obesity and high TG have the most influence on MetS and cMetS score. Unhealthy diets, as well as the physical inactivity of Iranian children [39] , could well be among the major contributors to the present and future health status of this group and are likely to confer an increased risk of chronic disease in adulthood [40] . These findings also confirm that the same set of adult criteria can be used in the calculation of the cMetS score and also highlights the importance of cMetS as a predictive utility on disease outcome [33, 41] .
The validity of cMetS score in children has been examined in a few previous studies [17, 18, 42] . In our study, the construct validity of cMetS for MetS was high (AUC ≥ 0.94; sensitivity ≥ 90% and specificity ≥ 87%). In a study in children and adolescents 12-19 years old, the cMetS, determined by principal components analysis, was significantly higher in those individuals with MetS as defined by the NHANES [17] . Our findings are consistent with this study and support the use of cMetS in epidemiological surveys.
Our findings should be interpreted while considering some limitations. The major limitation of this study and previous studies about cMetS is the specificity of sample. Therefore, a standardised method of calculating the score may prove beneficial in comparing studies. Another limitation is that we included WC, MAP, HDL-C, TG, and FBG in calculation of cMetS. Some studies have used the markers of insulin resistance, instead of serum glucose levels, because blood glucose is usually in the normal range in youth [43] . We selected blood glucose levels because they were employed by ATP-III, and International Diabetes Federation adult clinical criteria for the definition of MetS [24, 26] . The other limitation was that we could not stratify according to maturation stage because of the limitations for the large number of study participants.
For the first time in Iran, and to the best of our knowledge in the Middle East and North Africa (MENA), we have assessed the construct and predictive validity of cMetS in a large nationally representative sample of children in order to find early identification of those who are at risk. This is also the first investigation to determine the age-and sex-specific cMetS cut-off points in Iranian children and adolescents. We noticed to age groups because of the strong association of age with maturity and the influence of growth and maturation on the development of the metabolic risk factors.
